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(57) A photostinriulable luminescence glass compo- 
sition Including active cations which release light having 
a wavelength in the blue-colour or ultraviolet region 
when those parts of the glass which have been stimu- 
lated by radiation such as X-rays, y-rays, a-rays. p-rays. 
electron beams, neutron beams, ion beams, ultra-violet 
rays having an energy equal to or greater than the band 
gap of the glass, etc.. are excited by visible or infra-red 
light. Ce^^, Eu^"*^ etc. can be used as the active cation, 
and are preferably included in an amount of 10 mole% 
or less of all the cations, and particularly preferably in an 
amount in the range of 0.001 to 2 mole%. A silicate 
glass, a borate glass, a phosphate glass, a mixed oxide 
glass based on a mixture the above, a halide glass, a 
halogen phosphate glass etc. are used as the basic 
glass. 

The photostlmulable luminescence glass composi- 
tion has practical durability and mechanical strength 
and is suited to the recording and playback of radiation 
images. 
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Description 

Tlie present invention relates to a photostimulable 
luminescence glass composition used In radiation dose 
meters, radiation image conversion panels etc. which s 
work on photostimulable luminescence, and also 
relates to recording and playback of radiation images 
using photostimulable luminescence glass. 

In X-ray sensitized paper and image intensifiers, 
phosphors which generate luminescence in response to io 
the dose of X-rays absorbed by it are used. In order to 
reduce the dose of radiation to which, for example, a 
patient or user of a X-ray related device is exposed to, 
there have been demands for the development of a 
phosphor which generates good luminescence even is 
upon minute doses of X-ray exposure, i.e. which Is 
highly sensitive to X-rays. 

The radiation Image conversion method is known 
as a method which can be used instead of radiography 
which uses silver salts. In this method, a phosphor is 20 
made to absorb radiation which has passed through an 
object, and then this phosphor is excited with a certain 
type of energy to cause the radiation energy stored in 
the phosphor to be released as luminescence. For 
example, a panel having a layer of a photostimulable 25 
luminescence phosphor formed on a support such as 
paper is used, and visible light radiation and infra-red 
radiation is used as the excitation energy. 

The radiation image conversion method which is 
disclosed in Japanese Patent Application Publication 30 
No. Sho 59-75200 and employs BaFX;Eu2+ (X:CI,Br,l) 
as the photostimulable luminescence phosphor, has the 
following excellent features and has started to be used 
in a wide range of fields such as medical science, med- 
ical treatment, medicine, bioscience, high energy, min- 35 
ing etc.. 

(1) Has a sensitivity from tens to hundreds of times 
as high as that of photographic film; stored noise 
can be eliminated before use; low noise. 40 

(2) With respect to photostimulated luminescence, 
it linearly responds to doses of radiation in a wide 
range of five figures, has a wide dynamic range and 
has excellent linearity. 

(3) Has wide sensitive area; high resolution. 45 

(4) Can easily be connected to a computer whereby 
a direct digital image signal can be obtained during 
the reading process, thereby facilitating storage 
and retrieval. 

(5) Can be used repeatedly. so 

However, in the case of phosphors such as 
BaFX;Eu^^, the process of production thereof is 
extremely complicated, the number of production proc- 
ess steps is large, and the time required for production 55 
is long, making them extremely costly. Furthermore, 
due to the fact that they are generally synthesized in the 
solid phase at tenriperatures around lOOO^C, there is a 
tendency for the particles to agglomerate. As a result, in 



order to increase the fluorescent strength, crushing and 
classification has to be carried out during the stage of 
after-treatment to obtain, to a great extent as possible, 
particles all having a same suitable size, and this results 
in a reduced yield. Furthermore, methods of depositing 
or applying coatings of the phosphor in it's powder form 
onto a substrate are used in order to form a fluorescent 
sheet, and due to the ^ct that powders have multi-faced 
shapes, the surface of the sheet becomes pitted with 
the result that fine control processes were deemed nec- 
essary in order to provide a uniform film, and even then 
the formation of a uniform film was almost impossible. 
Furthermore, due to the fact that the powder particles 
are relatively roughly packed together, and that the sur- 
face has a pitted shape, tiie fluorescence generated by 
excitation is repeatedly scattered between the phosphor 
particles with the result that the amount of light passing 
through the front face of the fluorescent sheet was 
reduced. Consequently, the sensitivity was reduced, the 
uniformity of sensitivity was poor, and it was impossible 
to increase the resolution beyond a certain critical 
value. 

On the other hand, there have also been developed 
glass dosimeters which detect radiation such as X-rays. 
The main types are type l(for example, Si02-B203- 
NagO-AlaOs system glass containing Co^*; Mn^*-Fe^*- 
containing glass; Mg(P03)2 9'^^* Sb203 system glass; 
Bi203 containing glass; phosphate glass containing Ag 
etc.), which use the phenomenon in which the glass 
becomes coloured by exposure to radiation; type II 
(IJ20-A!203-Si02 glass containing Tb^*; phosphate 
glass containing Mn etc.) which work on the fad that 
trap centres generated by exposure to radiation f luores- 
cently emit light when heated and then disappear; and 
type 111 (phosphate glass containing Ag etc.) which work 
on radiophoto luminescence. 

With type I, the range of doses which can be meas- 
ured is narrow, and playback by heating is not complete. 
Furthermore, Sb203 system glasses and Bi203-con- 
taining glasses are difficult to produce stably. 

With type II which work on thermo-luminescence, 
the sensitivity is low and tiiere is tiie problem of defor- 
mation upon heating. Furthermore, it is impossible to 
substantially measure the dose distribution of radiation 
such as X-rays etc.. 

Type III work on the phenomenon of radiophotdu- 
minescence in which orange-coloured fluorescence is 
emitted when Ag-containing phosphate glass is 
exposed to radiation such as X-rays and then stimulated 
with ultra-violet light having a wavelength of about 
360nm. By measuring the amount of fluorescence gen- 
erated by tills phenomenon, it is possible to determine 
how much radiation the glass was exposed to. The elec- 
trons generated by tiie exposure to radiation are 
trapped by Ag* whereby Ag* is converted into Ag°, and 
tiie positive holes are trapped by the PO4 tetrahedrons 
which make up the network of tiie phosphate glass. 
With time, the positive holes transfer to Ag* whereby 
Ag^* centres are generated. This is known as build-up 
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of radiophoto-luminescence. The speed thereof will 
depend on the composition of the glass, but even In the 
case of the fastest glasses, it takes tens of minutes, and 
v^th some glasses it takes a number of days. As a 
result, it is impossible to measure radiation doses or 5 
synthesize images in a short period of time. In addition, 
the dynamics range is narrow and the operability is 
poor. 

The present invention was realised in order to solve 
these kinds of problems. Through the exploitation of the 10 
characteristics of glass such as uniformity and its capa- 
bility to be polished to high precision, and through the 
incorporation of Ce^*, Eu^* etc. as active cations for 
photostimulated luminescence in the glass composition, 
the present Invention has as its objective highly reliable is 
recording and playback of radiation images using a pho- 
tostimulable luminescence glass which has practical 
durability and mechanical strength, does not exhibit the 
direction dependency with respect to light emission 
observed with crystals, and has good formability and 20 
uniformity of sensitivity 

In order to realise this objective, the photostimula- 
ble luminescence glass composition of the present 
invention is a glass which includes active cations which 
emit light of a wavelength in the ultraviolet or blue-colour 25 
region when parts thereof which have been exposed to 
radiation such as X-rays, y-rays, a-rays, p-rays. electron 
beams, neutron beams, ion beams and ultraviolet rays 
having an energy equal to or greater than the bandgap 
of glass, are excited by visible light or infra-red light. 30 
When Ce^. Eu^"^ etc. are used as the active cations, 
they are included in a total amount of 10 mole% or less 
on the basis of all of the cations, and preferably in an 
amount in the range of 0.001 to 2 mole%. As the glass, 
a silicate glass, a borate glass, a phosphate glass, a 35 
mixed oxide glass based on a mixture thereof, a halide 
glass or a halogen phosphate glass may be used. 

In the case of an oxide glass, it is preferable that the 
photostimutable luminescence glass composition of the 
present invention includes, as cations which comprise 40 
the glass. 30 to 99 mole% (preferably 45 to 95 mole%) 
of at least one of Si'^*. and P^, 0 to 70 mole% (pref- 
erably 5 to 60 mole%) of at least one of Li"^, Na*. K*, 
Rb+, Cs* and T1+, 0 to 70 mole% (preferably 0 to 40 
mole%) of at least one of Mg2+, Ca^*. Sr^^. Ba^*. Cd^*, 45 
Pb^"^ and Zn^*. 0 to 30 mole% (preferably 0 to 10 
mole%) of Al^. and 0 to 40% (preferat)ly 0 to 30 
mole%) of at least one of Y^*. Sc^*. Ga^*. In^+. 81^+ and 
Ln^**" (where Ln is a rare earth element other than Ce), 
wher^n the percentages are based on the total of all so 
cations. 

In the case of a halide glass, it is preferable that the 
glass has a composition including, as the cations which 
comprise the glass. 10 to 60 mole% (preferably 20 to 40 
mole%) of Al^*, 8 to 70 mole% (preferably 8 to 60 ss 
mole%) of at least one of Mg^*. Ca^+. Sr^+ and Ba^*. 0 
to 30 mole% (preferably 0 to 25 mole%]of at least one of 
Y^"^ and Ln^* (wherein Ln is a rare earth element other 
than Ce), 0 to 20 mole% (preferably 0 to 15 nnole%)of 
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Hf^* and 0 to 20 mole% (preferably 0 to 10 mole%) of at 
least one of Li"^, Na* and K*. wherein the percentages 
are based on the total of all cations, and including, as 
anions which comprise the glass. 0 to 20 mole% (pref- 
erably 0 to 1 0 mole%) of CI', and 80 to 1 00 nr>ote% (pref- 
erably 90 to 100 mole%) of F", wherein the percentages 
are based on the total of all anions. 

In the case of a halogen phosphate glass, it is pref- 
erable that the glass has a composition including, as the 
cations which comprise the glass. 1 0 to 60 nK)te% (pref- 
erably 20 to 40 mole%) of Al^. 0.1 to 80 mole% (prefer- 
ably 5 to 60 mole%) of P^. 8 to 70 mole% (preferably 8 
to 60 mole%) of at least one of Mg^*. Ca^*. Sr^"^ and 
Ba^*, 0 to 30 mole% (preferably 0 to 25 nriole%) of at 
least one of Y^"*" and Ln^* (wherein Ln is a rare earth 
element other than Ce), 0 to 20 mole% (preferably 0 to 
1 5 mole%) of Hf^ and 0 to 20 moIe% (preferably 0 to 1 0 
mole%) of at least one of Li**^. Na"^ and K^. wherein the 
percentages are based on the total of all cations, and 
including, as anions which comprise the glass, 1 to 95 
mole% (preferably 1 to 50 molef%) of O^". 0 to 20 mole% 
(preferably 0 to 10 mole%) of CI' and 5 to 99 mole% 
(preferably 40 to 99 mole%) of P. wherein the percent- 
ages are based on the total of all anions. 

The batch conposed to give a glass having the 
desired composition, is then melted and shaped either 
in an reducing atmosphere or after addition of a reduc- 
ing agent. The molten glass composition may then be 
formed into a flat sheet, a curved face or fibers. Glass 
fbers may be further bundled together to form a micro- 
channel plate having a flat structure. 

The photostimulable luminescence glass is made 
to absorb radiation or radiation which has been passed 
through an object, whereafter it is irradiated by visible 
light or infra-red fight to cause it to release the energy 
held by it in the form of ultra-violet or blue-colour fluores- 
cence. Recording and playback is candied out by detect- 
ing the fluorescence with fluorescence detecting 
means. 

If photostimulable luminescence glass including 
Ce^ is exposed to in'adiation such as X-rays having an 
energy greater than the bandgap of glass, pairs of elec- 
trons and positive holes are generated in the glass. The 
electrons are trapped by defects existing in the glass, to 
form, for example, F-centres. The positive holes are 
trapped by the Ce^*. The energy level of both of these 
trap centres lies between the valence bard and conduc- 
tion band of glass, and since the depth thereof is rela- 
tively deep, they exist stably at room temperatures. This 
state corresponds to the state in which the image is 
stored, i.e. the state in which the image is recorded. 

The glass is then irradiated by a He-Ne laser (wave- 
length 633nm). a YAG laser (wavelength 1 .06^m) or vis- 
ible light having an energy con^esponding to the 
difference in energy between the ground state and the 
excited state of the electron trap centres, whereby the 
electrons of the F-centres are stimulated and released, 
and recombine with the positive holes trapped by the 
positive hole trap centres Ce^. The energy of this 
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recombination causes light emitting centres situated 
right close by to become excited to an excited state, and 
when these return to the ground state they give out an 
ultra-violet or blue-colour light. The intensity of the light 
emitted is proportional to the dose of exciting radiation 
to which the glass was exposed at the beginning, and 
thus the dose of radiation can be measured by measur- 
ing the intensity of the light emitted. 

Eu^*-containing glass also emits fluorescence 
through stimulation by a similar mechanism to that dis- 
cussed above for Ce^. 

As described above, the stimulation-emission glass 
of the present invention includes, as an active cation, at 
least one of Ce^ and Eu^"*". Excitation with radiation 
such as X-rays, y-rays, a-rays. p-rays, electron beams, 
ultra-violet rays having an energy greater than the band 
gap of the glass, neutron beams, ion beams causes the 
formation of trap centres which have an energy level 
between the valence electron band and conduction 
band of the glass, and which exist stably at room tem- 
perature. As a result, it is possible to produce radiation 
dosimeters and radiation image conversion panels wrth 
which the measurement of exposure doses and the syn- 
thesis of images can be can-ied out in a short time. Fur- 
thermore, since rt has excellent glass formability and 
thus can be easily formed into various forms such as 
sheets, rods and fibers etc.. it may be used as a photo- 
stimulable luminescence phosphor having practical 
durability and mechanical strength. 

Figure 1 shows a system for measuring stimulation 
emission spectra 

Figure 2 shows a system for measuring stimulation- 
excitation spectra 

Figure 3 shows the stimulation-excitation spectra of 
Example 1. 

Figure 4 shows the afterglow characteristics of 
Examples 1 and 2. 

The photostimulable luminescence glass composi- 
tion of the invention shall now be described in more 
detail with reference to preferred embodiments thereof. 

The photostimulable luminescence glass connposi- 
tion of the present invention includes active cations 
such as Ce^*, Eu^* etc. as cations essential for the trap- 
ping of tiie positive holes generated by excitation with 
radiation such as X-rays, y-rays, a-rays, p-rays, electron 
beams, neutron beams, ion beams and ultraviolet rays 
having an energy equal or greater than the band gap of 
the glass. It is preferred that the concentration of the 
active cations is set to be 10 mole % or less of all the 
cations which comprise the glass, and further prefen-ed 
that it is set to be in the range of 0.001 to 2 mole%. If the 
concentration of active cations is too low, then it 
becomes impossible to b-ap almost any of the positive 
holes generated by the excitation witii radiation. Con- 
versely, if the concentration is too high, then clusters 
such as Ce^*-0-Ce^ are formed, whereby concentra- 
tion quenching due to energy transfer etc. tends to 



occur, with tiie result that tiie strength of tiie fluores- 
cence is decreased. 

Silicate glass, borate glass, phosphate glass, a 
mixed oxide glass such as a mixture of the above, a hal- 

5 ide glass or a halogen phosphate glass may be used as 
tiie glass. In tiie case that the photostimulable lumines- 
cence glass composition is an oxide glass, it is prefera- 
ble that the glass includes 30 to 99% of at least one of 
Si^*, and as cations which form the glass net- 

10 work. If tiie total amount of Si^. and is less 
tiian 30 wo\e%, then the formability of the glass is poor, 
and it tends to crystallize. On tiie other hand, if tiie total 
concenfration of Si"^*, and P^ exceeds 99 mole%, 
defects, which trap the electrons, are not easily formed 

15 in ttie glass. Furthermore, if the concentration of Si*"^ is 
greater tiian 99 mole%, it becomes difficult to prepare 
tiie glass using the conventional melting process. If tiie 
total concentration of and P^ is greater tiian 99 
mole%. the chemical durability of tiie glass is 

20 decreased. When taking into consideration botii tiie sta- 
bility with respect to crystallization and tiie thermal sta- 
bility of tiie glass which is required for the shaping 
tiiereof. it is preferable that tiie total amount of Si"**. B^"*^ 
and P^ is in a range from 45 to 95 mole%. 

25 0 to 70 mole% of at least one of U+, Na''. K+, Rb*. 
Cs"^ and Tl* should be included as cations which modify 
tiie glass network As tiie amount of Li+, Na*. K*. Rb*. 
Cs"^ and Tl* in the glass increases, the number of 
defects which can trap electrons increases, witii tiie 

30 result ttiat F-centres etc. are more easily generated in 
the glass upon exposure tiiereof to radiation. However, 
if the total concentration of U*, Na"*", K*. Rb*, Cs* and 
Tl* exceeds 70 mole%, tiien the formability of glass is 
poor. It is more preferable that tiie total concentration of 

35 U+, Na+, K+, Rb*. Cs*, Tl^ etc. is in a range of 5 to 60 
mole%. 

Mg2+, Ca2+, Sr2\ Ba^*. Cd^*. Pb^\ Zn^* are cati- 
ons which act to modify the glass network. As tiie 
amount of Mg2+. Ca^*, S(^\ Ba^\ Cd^^, Pb^^ or Zn^^ in 

40 tiie glass increases, in particular as Ba^"^ with a large 
atomic weight Increases, tiie glass efficientiy absorbs 
radiation, and the energy tiiereof is trapped and held by 
defects. Also, when the energy of the radiation is 
released by excitation with visible or infra-red light, tiie 

45 photostimulated luminescence Is detected with high 
sensitivity. However, if the total concentration of Mg^*, 
Ca2^ Sr^\ Ba2+. Cd^*, Pb^*, Zn^* exceeds 70 mole%, 
tiien the glass-forming ability is deteriorated. It is partic- 
ularly prefen'ed tiiat tiie total concemration of ttie Mg^*, 

50 Ca2+, Sr2+, Ba2+, Cd^*. Pb^*. Zn^* is in a range of 0 to 
40 mole%. 

Al^"^ is a cation which functions to form the glass 
network. As tiie amount of Al^ in tiie glass increases, 
tiie durability, mechanical sti-ength of the glass are 
55 improved. However if the concentration of the Al^* 
exceeds 30 mole%, the proportion of Al^+ existing in ttie 
glass as AIO4 increases, and since AIO4 traps positive 
holes, there Is tiie fear that the fluorescence emitted by 
stimulation will be weakened. It is particularly preferable 
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that the concentration of Al^*^ is in a range of 0 to 10 
mole%. 

y3+, Sc^, Ga^. In^. Bi^ and Ln^* (Ln is a rare 
earth element other than Ce) are also cations which act 
to modify the glass network. As the amount of Y^+, 
3^3+ Qa3+ 1^3+ Bi^+, Ln^ inaeases, X-rays are 
absort)ed by the glass more efficiently, and the energy 
thereof is trapped and held by the defects. However, if 
the total concentration of Y^+, Sc^*, Ga^"^, ln^+, Bi^* and 
Ln^* exceeds 40 mole%, the glass-forming ability 
becomes poor. It is particularly preferred that the total 
concentration of Y^^. Sc^, Ga^+, In^"^, Bi^*, Ln^"^ is in a 
range of 0 to 30 mole%. 

In the case that the photostinriulable luminescence 
glass composition is a halide glass, it is preferred that it 
contain 10 to 60 mole% of Al^* as cations which form 
the glass network. If the content of Al^* is less than 10 
mole% or greater than 60 mole%, the glass tends to 
crystallize. It is particularly preferred that the content of 
Al^ is in the range of 20 to 40 mole%. 

It is preferred that the glass contains 8 to 70 mote% 
of at least one of Mg^*, Ca^*, Sr^* and Ba^* as divalent 
modifying ions which have the action of complementing 
the network structure of the glass. If the content of the 
divalent modifying ions is less than 8 mole% or greater 
than 70 mole%, then the glass tends to crystallize. It is 
particularly preferred that the content of divalent nrxxJify- 
ing ions is in a range of 8 to 60 mole%. 

It is preferred that the glass contains 0 to 30 mole% 
of at least one of Y^+ and Ln^ (wherein Ln is a rare 
earth element other than Ce) as trivatent modifying ions 
which have the action of complementing the network 
structure of the glass, if the content of the trivalent mod- 
ifying ions is greater than 30 mole%, the glass tends to 
crystallize. It is particularly preferred that the content of 
trivalent modifying ions is in a range of 0 to 25 mole%. 

Furthermore, it is preferred that the glass contains 
0 to 20 mole% of Hf^ as cations which form the net- 
work of the glass. If the content of Hf^ is greater than 
20 mole%, then the glass tends to crystallize. It is par- 
ticularly preferred that the content of Hf^ is in a range 
of Oto 15mol6%. 

It is preferred that the glass contains 0 to 20 mole% 
of at least one of Li*, Na"^ and as monovalent modi- 
fying ions which have the action of conplementing the 
network structure of the glass. If the content of the 
monovalent modifying ions is greater than 20 mole%, 
then the glass tends to crystallize. It is particularly pre- 
ferred that the content of monovalent nrKKlifying ions is 
in a range of 0 to 10 mole%. 

Furthermore, it is preferred that the anions con- 
tained in the glass consist of 0 to 20 mole% of CI' and 
80 to 100 mole% of F'. It is possible to improve the sta- 
bility of the glass against aystallization by the addition 
of small amounts of CI". However, if the content of CI" 
exceeds 20 mole%, the chemical durability of the glass 
becomes poor, and the glass tends to crystallize. It is 
particularly preferred that the anions of the glass consist 
of 0 to 10 mole% of CI" and 90 to 100 mole% of P. 



On the other hand, in the case that the photostimu- 
lable luminescence glass is a halogen phosphate glass, 
the formability characteristic of the glass is further 
improved by the incorporation of 0. 1 to 80 mole% of 

5 in the glass in addition to the amounts of each kind of 
cation of the halide glass described above. If the con- 
tent of is less than 0.1 mole%, then the effect of 
improving the formability of the glass is small, and if it 
exceeds 80 mole%, then the chemical durability of the 

10 glass becomes poor. It is particularly prefen^ed that the 
content of P^ is in a range of 5 to 60 mole%. 

In this case, it is preferred that the anions consist of 
1 to 95 mole% of O^-, 0 to 20 mole% of CI' and 5 to 99 
mole% of F". If the content of O^" is less than 1 mole%, 

75 then the stability of the glass against crystallization is 
relatively poor. Conversely, if the content of O^' exceeds 
95 mole%, then the emission efficiency is decreased. 
Furthermore, if the content of Cr exceeds 20 mole%, 
then the glass tends to aystallize. It is particularly pre- 

20 ferred that the anions in the glass consist of 1 to 50 
mole% of O^", 0 to 10 mole% of CI' and 40 to 99 mole% 
of P. 

In the case that the photostimulable luminescence 
glass is produced from raw materials including Ce** 

25 and/or Eu^, the glass is melted and shaped in a reduc- 
ing atmosphere or after addition of a reducing agent 
such as carbon to the batch. Even in the case that it is 
produced from raw materials including Ce^* and/or 
Eu^*, it is prefen^ed that the glass is melted and shaped 

30 in an inert or reducing atmosphere in order to prevent 
oxidation by oxkiants remaining in the raw nr^terials. If 
the glass is melted and shaped in air or in an oxidizing 
atmosphere, part of the Ce and Eu remain in the glass 
as Ce^ and Eu^* with a resulting decrease in the con- 

35 centration of Ce^ and Eu^* which trap positive holes, 
together with a resulting decrease in the concentration 
of F-centres etc., which are capable of releasing elec- 
trons upon excitation with visible or infra-red light, due to 
Ce^ which is capable of trapping electrons, whereby 

40 the occurrence of photostimulated luminescence is 
reduced. 

Photostimulat>le luminescence glass prepared in 
this way displays excellent glass formability, does not 
tend to crystallize, and can be easily formed into sheets, 

45 rods, or fibers etc.. For example, it can be formed into 
flat sheet glass having dimensions of 400mm x 400mm 
for use in X-ray photography, wherein complicated proc- 
ess steps can be omitted conpared to the preparation 
of standard polycrystal photostimulable luminescence 

50 fluorescence sheets. Furthermore, a clear image is 
formed by scanning those parts which have been 
exposed to radiation with a fine laser beam of visible or 
infrared light, detecting the intensity of the fluorescence 
generated from each of the exposed parts, and carrying 

55 out computer image processing. 

Furthermore, a microchannel plate may be con- 
structed by bundling together glass fibers having, for 
example, an 8 ^m diameter core comprised of a glass 
including Ce^"*" and/or Eu^* and having a large refractive 
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index, and a lO^im diameter cladding not including any 
Ce^* and Eu^* and having a small refractive index. 
When such a microchannel plate is used, then the fluo- 
rescence generated upon exposure to the laser beam is 
capable of high resolution since there is no leakage to 
the outside of the fiber and no scattering of light. Fur- 
thermore, defects are generated along the whole length 
of the fiber upon exposure to radiation such as X-rays 
etc.. When the core of the fiber is exposed to visible or 
infra-red light in this state, electrons trapped by defects 
in the core are released and combine with positive 
holes, the energy thereof excites the Ce^* or Eu^*, and 
light Is generated along the whole core. As a result, the 
light is detected with high sensitivity. 

The present invention will now be described in more 
detail with reference to the following examples. The 
scope of the present invention shall not be limited to 
these examples. 

Example 1: 

High purity raw materials, Ce02, Si02. Na2C03, 
SmaOs were weighed out in proportions required to give 
a silicate glass having a composition whose cations are 
made up of 0.9 mole% of Ce^, 72.6 mole% of Si"^, 
25.6 mole% of Na* and 0.9 mole% of Sm^*, mixed 
together and melted in a platinum crucible at 1450°C for 
30 minutes, and then subjected to cast forming to obtain 
a glass. This glass was then placed in a glassy cartx)n 
crucible, and subjected to reduction treatment for one 
hour by heating to 1450°C in an atmosphere of N2 and 
5 vol.% H2. TTie melt in each crucible was then 
quenched to near room tenperature. 

The thus produced glass was then cut and pol- 
ished, after which its photostimulated luminescence 
emission spectrum, stimulation excitation spectrum and 
afterglow characteristic were measured. The measuring 
system shown in figure 1 was used to measure the pho- 
tostimulated luminescence emission spectrum. In this 
measuring system, the glass sample is exposed to X- 
rays from a tungsten target at 40kV and 30mA for 600 
seconds, followed by exposure to excitation light from a 
1 70tiW He-Ne laser (630nm). The fluorescent light gen- 
erated upon exposure to the He-Ne laser is measured 
after passing it through a B-410 band pass filter. Blue- 
colour (about 410nm) photostimulated luminescence 
was observed. 

The measuring system shown in figure 2 was used 
to measure the stimulation excitation spectrum. In this 
measuring system, the glass sample was exposed for 
1800 seconds to X-rays from a W-target at 40kV and 
30mA, and the emission at 410nm was monitored. Light 
from a halogen lamp (100W) was passed through a 
spectroscope, and the excitation spectra of the second- 
ary excitation emission was measured. A B-410 band 
pass filter and interference fitter were used on the light- 
receiving side. As shown in figure 3, the detected photo- 
stimulated luminescence excitation spectra had a peak 
at about 600nm, dosety matching the He-Ne laser 



(633nm). The short wavelength light in figure 3 was 
leaked light. 

As can be seen from figure 4 which shows the after- 
glow characteristic, it was observed that the emission 
5 after exposure to the He-Ne laser dropped off extremely 
sharply, and was completely quenched within a period 
of ten seconds. In figure 4. the time-axis for example 1 
is slightly shifted to avoid overlap with the data of exam- 
ple 2. 

10 

Example 2: 

High purity raw materials, Ce02, B2O3 and Na2C03 
were weighed out In proportions required to give a 

15 borate glass having a composition whose cations are 
made up of 0.5 mole% of Ce^"^, 74.6 mole% of and 
24.9 mole% of Na*, mixed together, and melted in a 
platinum crucible at a temperature HOO^C for 30 min- 
utes to obtain a glass. This glass was then placed in a 

20 carbon crucible, and subjected to reduction treatment 
for one hour at 1100°C in an atmosphere of N2 and 5 
vol.% H2. The melt in each crucible was then quenched 
to near room temperature. 

The thus produced glass was then cut and pol- 

25 ished, after which its photostimulated luminescence 
emission spectrum and afterglow characteristic were 
measured in the same way as example 1 . Die emitted 
fluorescent light was measured after passing it through 
a U-360 band pass fitter. Photostimulated luminescence 

30 in the ultra-violet region at about 360nm was observed. 
As shown in figure 4, the afterglow characteristic 
showed an extremely sharp drop-off. 

Example 3: 

35 

High purity raw materials Ce02, Si02, CS2O3 were 
weighed out in proportions required to give a silicate 
glass having a composition whose cations are made up 
of 0.15 mole% of Ce^+, 53.76 mole% of Si"^ and 46.09 

40 mole% of Cs"^, mixed together and melted in a platinum 
crucible at 1500^0 for 30 minutes, to obtain a glass. 
This glass was then crushed and placed in a platinum 
crucible, and then this platinum crucible was placed in 
an alumina crucible packed with cartx}n powder. A lid 

45 was placed on the alumina crucible, and reduction treat- 
ment was carried out for 1 hour at 1550*^0 in an electric 
oven heated by a Si-Mo heater. The melt in each auci- 
ble was then quenched to near room temperature to 
obtain a glass. 

50 The glass thus produced was then cut and pol- 
ished, after which its photostimulated luminescence 
emission spectrum and afterglow characteristic were 
measured in the same way as example 1 . Blue-colour 
photostimulated luminescence at about 410nm was 

55 observed. The afterglow characteristic also displayed 
an extremely sharp drop off. 
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Example 4: 

High purity raw materials, Ce02, B2O3, U2CO3. 
BaCOa and AI2O3 were weighed out in proportions 
required to give a borate glass having a composition s 
whose cations are made up of 0,05 mole% of Ce^"*^, 
76.49 mole% of B^*, 20.40 mole% of U+, 2.04 moIe% of 
Ba^* and 1.02 mole% of Al^"^, mixed together and 
melted in a platinum crucible at 1 150°C for 30 minutes, 
to obtain a glass. This glass was then crushed, placed 10 
in a glassy cartx)n crucible, and subjected to reduction 
treatment for one hour at 1550*^C in an atmosphere of 
N2 and 5 vol.% H2. The melt in each crucible was then 
quenched to near room temperature. 

The thus produced glass was then cut and pol- is 
ished. after which its photostimulated luminescence 
emission spectrum was measured in the same way as 
example 2. Photostimulated luminescence in the ultra- 
violet region at about 360nm was observed. 

20 

Example 5 

High purity raw materials. Ce02. Si02, Rb2C03, 
MgCOa and La203 were weighed out In proportions 
required to give a silicate glass having a composition 25 
whose cations are made up of 1.53 mole% of Ce^*, 
58.44 mole% of Si^"', 38.17 mole% of Rb"'. 0.76 mole% 
of Mg^* and 1.10 mole% of La^*, mixed together and 
melted in a platinum crucible at 1550^0 for 30 minutes, 
to obtain a glass. This glass was then crushed, placed 30 
in a carbon crucible, and subjected to reduction treat- 
ment for one hour at 1550°C in an atmosphere of N2 
and 5 vol.% H2. The melt in each crucible was then 
quenched to near room temperature. 

The thus produced glass was then cut and pol- 35 
ished, after which its photostimulated luminescence 
emission spectrum was measured In the same way as 
example 1. Blue-colour photostimulated luminescence 
at about 410nm was observed. 

40 

Example 6 

High purity raw materials Ce02, Si02, Na2C03 and 
Y2O3 were weighed out in proportions required to give a 
silicate glass having a composition whose cations are 45 
made up of 0.5 mole% of Ce^*, 80.36 mole% of Si**, 
17.86 mole% of Na* and 1.28 mole% of Y^*, mixed 
together and melted in a platinum crucible at 1 500°C for . 
30 minutes, to obtain a glass. This glass was then 
crushed, placed In a carbon crucible, and subjected to so 
reduction treatment for one hour at 1 500°C In an atmos- 
phere of N2 and 5 vol.% H2- The melt In each crucible 
was then quenched to near room temperature. 

The thus produced glass was then cut and pol- 
ished, after which its photostimulated luminescence ss 
emission spectrum was measured in the same way as 
example 1. Blue-colour photostimulated luminescence 
at about 410nm was observed. 



Example 7: 

High purity raw materials EU2O3, B2O3, Rb2C03 
and Sm203 were weighed out in proportions required to 
give a borate glass having a conposition whose cations 
are made up of 0.5 mole% of Eu^*, 89.1 nnole% of B^+. 
9.9 mole% of Rb* and 0.5 mole% of Sm^"^. mixed 
together and melted in a platinum crucible at 1 lOO^C for 
30 minutes, to obtain a glass. This glass was then 
crushed, placed In a glassy carbon crucible, and sub- 
jected to reduction treatment for one hour at 1 100**C in 
an atmosphere of N2 and 5 vol.% H2. The melt In each 
crucible was then quenched to near room temperature. 

The glass thus produced was then cut and pol- 
ished, and it was confirmed by standard fluorescence 
that Eu and Sm were present In the glass in the form of 
Eu^* and Sm^+ respectively. The photostimulated lumi- 
nescence emission spectrum was measured in the 
same way as example 1 . Blue-colour photostimulated 
luminescence at about 410nm was observed. 

Example 8 

High purity raw materials, EU2O3, Ce02, B2O3, 
Si02 and K2CO3 were weighed out in proportions 
required to give a borosilicate glass having a composi- 
tion whose cations are made up of 0.5 mole% of Eu^*, 
0.5 mole% of Ce^*, 71.1 mole% of B3^ 2.5 mole% of 
Si"** and 25.4 mole% of K*^, mixed together and melted 
in a platinum crucible at 1 100^C for 1 hour, to obtain a 
glass. This glass was then crushed, placed In a glassy 
carbon crucible, and subjected to reduction treatment 
for one hour at 1100°C in an atmosphere of N2 and 5 
vol.% H2. The melt in each crucible was then quenched 
to near room temperature. 

The glass thus produced was then cut and pol- 
ished, after which its photostimulated luminescence 
emission spectrum was measured in the same way as 
example 1. Blue-colour photostimulated luminescence 
at about 410nm was observed. 

Example 9 

High purity raw materials Ce02. P2O5, AI2O3 and 
Na2C03 were weighed out in proportions required to 
give a phosphate glass having a composition whose 
cations are made up of 0.05 mole% of Ce^, 39.98 
mole% of P^"^, 49.98 mole% of Na* and 9.99 mole% of 
Al^"^. mixed together and melted in a platinum crucible 
at 1250^0 for 1 hour, to obtain a glass. This glass was 
then crushed, placed in a glassy cartoon crucible, and 
subjected to reduction treatment for one hour at 1250°C 
in an atmosphere of N2 and 5 vol.% H2. The melt in 
each crucible was then quenched to near room temper- 
ature. 

The glass thus produced was then cut and pol- 
ished, after which its photostimulated luminescence 
spectrum was measured In the same way as example 2. 
Photostimulated luminescence In the ultra-violet region 
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at about 350nm was observed. 
Example 10 

High purity raw materials Ce02, P2O5, AI2O3, BI2O3 s 
and Na2C03 were weighed out in proportions required 
to give a phosphate glass having a connposition whose 
cations are made up of 0.05 mole% of Ce^*, 59.97 
mole% of P2^, 29.98 mole% of Na+. 1 .00 mole% of 61^+ 
and 9.00 mole% of Al^"^, mixed together and melted in a 
platinum crucible at 1250^0 for 1 hour, to obtain a glass. 
This glass was then aushed, placed in a glassy carbon 
crucible, and subjected to reduction treatment for one 
hour at 1 250°C In an atmosphere of N2 and 5 vol.% H2. 
The melt in each crucible was then quenched to near 
room temperature. 

The glass thus produced was then cut and pol- 
ished, after which its photostimulated luminescence 
emission spectrum was measured in the same way as 
example 2. Photostimulated luminescence in the ultra- 
violet region at about 340nm was observed. 

Example 11 

High purity raw materials Ce02, P2O5. AI2O3, 
Ga203, ZnO and Na2C03 were weighed out in propor- 
tions required to give a phosphate glass having a com- 
position whose cations are made up of 0.05 tr)o\e% of 
Ce^'", 5.26 mole% of Zn^*. 52.60 mole% of P^, 31.57 
mole% of Na"^, 5.26 mole% of Ga^* and 5.26 mole% of 
Al^, mixed together and melted in a platinum aucible 
at 1250**C for 1 hour, to obtain a glass. This glass was 
then crushed, placed In a glassy carbon crucible, and 
subjected to reduction treatment for one hour at 1 250°C 
in an atmosphere of N2 and 5 vol.% H2. The melt in 
each crucible was then quenched to near room temper- 
ature. 

The glass thus produced was then cut and pol- 
ished, after which its photostimulated luminescence 
emission spectrum was measured in the same way as 
exanple 2. Photostimulated luminescence in the ultra- 
violet region at about 340nm was observed. 

Example 12 

High purity raw materials EuF2. MgF2. AIF3, CaF2. 
SrFg, BaF2, BaF2 and YF3 were weighed out in propor- 
tions required to give a glass having a composition 
whose cations are made up of 0.1 mole% of Eu^"*^, 35 
mole% of Al^+. 10 mole% of Mg^*. 20 mole% of Ca^^, 
10 mole% of Sr2+, 10 mole% of Ba^* and 1 4.9 mole% of 
Y^+, and whose anions are made up of 1 00 mole% of F" 
. mixed together, and placed In a glassy carbon crucible; 
all the above was done in a glove box filled with N2. The 
mixture was then melted in a nitrogen atmosphere at 
lOOO^C for 1 hour, and then the melt In each crucible 
was then cooled to near the glass transition tempera- 
ture Tg. 

The glass thus produced was then cut and pol- 



ished, after which Its photostimulated luminescence 
emission spectrum was measured in the same way as 
example 1. Blue-colour photostimulated luminescence 
at atK)ut 400nm was observed. 

Example 13 

High purity raw materials EuF2, MgF2, AIF3, CaF2, 
SrF2, BaF2, BaCl2 and YF3 were weighed out In propor- 
tions required to give a glass having a composition 
whose cations are made up of 1 mole% of Eu^*, 35 
mole% of aP+, 10 mole% of Mg2+. 20 mole% of Ca^^, 
10 mole% of Sr2+, 10 mole% of Ba^'^ and 14 mole% of 
Y^, and whose anions are made up of 4. 1 mole% of CI" 
and 95.9 mole% of P. mixed together, and placed in a 
glassy carbon crucible; all the above was done in a 
glove box filled with N2. The mixture was then melted in 
a nitrogen atmosphere at 1000°C for 1 hour, after which 
the melt In each crucible was then cooled to near the 
glass transition temperature Tg. 

The thus produced glass was then cut and pol- 
ished, after which its photostimulated luminescence 
emission spectrum was measured in the same way as 
exanrple 1. Blue-colour photostimulated luminescence 
at about 41 Onm was observed. 

Example 14 

High purity raw materials EUF2, MgF2, AIF3, CaF2, 
SrF2, BaF2 and AI(P0)3 were weighed out in propor- 
tions required to give a glass having a composition 
whose cations are made up of 0.8 mole% of Eu^*, 18.8 
mole% of A|3*. 7.7 mole% of Mg^*. 19.3 mole% of Ca^*. 
17.8 moIe% of Sr^^. 7.7 mole% of Ba^^, and 27.9 
mole% of P^, and whose anions are made up of 36 
mole% of O^" and 64 mole% of F". mixed together, and 
placed in a glassy carbon crucible; all the above was 
done in a glove box filled with N2. The mixture was then 
melted in an atmosphere of N2 and 5vol% H2 at lOOO^^C 
for 1 hour, and then the melt in each crucible was then 
cooled to near the glass transition temperature Tg. 

The thus produced glass was then cut and pol- 
ished, after which its photostimulated luminescence 
ennlssion spectrum was measured In the same way as 
example 1. Blue-colour photostimulated luminescence 
at about 440nm was observed. 

Claims 

1 . A photostlmulable luminescence glass composition 
which emits fluorescence in the ultra-violet or blue- 
colour wavelength region when those parts which 
have been exposed to radiation are excited by visi- 
ble or Infra-red light, and which contains at least 
one of Ce^* and Eu^* as an active cation. 

2. The photostimulable luminescence glass composi- 
tion according to claim 1 wherein the total amount 
of at least one of Ce^* and Eu^"^ is 1 0 nrx)le% or less 
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on the basis of all the cations. 

3. The photostimulable luminescence glass conposl- 
tlon according to claims 1 or 2 wherein the glass is 

a silicate glass, a borate glass, a phosphate glass, 5 
or a mixed oxide glass based on a mixture thereof. 

4. The photostimulable luminescence glass conrtposi- 
tion according to any one of claims 1 to 3 including, 

as the cations which comprise the glass, 30 to 99 io 
mole% of glass network forming cations, 0 to 70 
mole% of glass-network modifying monovalent cat- 
ions, 0 to 70 mole% of glass-network modifying 
divalent cations. 0 to 30 mole% of Al^*^, and 0 to 40 
nK}le% of glass-network modifying trivalent cations, is 
wherein the percentages are based on the total of 
all cations. 

5. The photostimulable luminescence glass composi- 
tion according to any one of claims 1 to 4 including, 20 
as the cations which comprise the glass. 45 to 95 
mole% of glass-network forming cations, 5 to 60 
mole% of glass-network modifying monovalent cat- 
ions, 0 to 40 mole% of glass-network modifying 
divalent cations, 0 to 10 mole% of Al^+, and 0 to 30 25 
mole% of glass-network modifying trivalent cations, 
wherein the percentages are based on the total of 

all cations. 



9. The photostimulable luminescence glass composi- 
tion according to claims 1, 2, 7 or 8. which is a hal- 
ide glass including, as the cations which comprise 
the glass, 20 to 40 mole% of Al^'^, 8 to 60 mole% of 
glass-network modifying divalent cations. 0 to 25 
mole% of glass-network modifying trivalent cations, 
0 to 15 mole% of Hf^ and 0 to 10 mole% of glass- 
network modifying monovalent cations, wherein the 
percentages are based on the total of all cations, 
and including, as anions which comprise the glass, 
0 to 10 mole% of Cr, and 90 to 100 mole% of F', 
wherein the percentages are based on the total of 
all anions. 

10. The photostimulable luminescence glass composi- 
tion according to claims 1 , 2 or 7. which is a halo- 
gen phosphate glass including, as the cations 
which comprise the glass, 10 to 60 mole% of Al^*, 
0. 1 to 80 mole% of P^, 8 to 70 mole% of glass-net- 
work modifying divalent cations. 0 to 30 mole% of 
glass-network modifying trivalent cations, 0 to 20 
mole% of Hf^ and 0 to 20 mole% of glass-network 
modifying monovalent cations, wherein the percent- 
ages are based on the total of all cations, and 
including, as anions which comprise the glass. 1 to 
95 mole% of O^', 0 to 20 mole% of CI" and 5 to 99 
mole% of F", wherein the percentages are based on 
the total of all anions. 



6. The photostimulable luminescence glass connposi- so 
tion according to claim 4 or 5, wherein the glass- 
network forming cations consist of at least one of 
Si^, B^* and P^, the glass-network modifying 
monovalent cations consist of at least one of Li+, 
Na"^, K+, Rb"^, Cs* and Tl"*". the glass-network mod- 35 
ifying divalent cations consist of at least one of 
Mg2+, Ca2+. Sr2\ Ba^*, Cd^*, Pb^* and Zn^^, and 
the glass-network modifying trivalent cations con- 
sist of at least one of Y^"', Sc^*, Ga^'', In^*, Bi^^ and 
Ln^* (where Ln is a rare earth element other than 40 
Ce). 

7. The photostimulable luminescence glass composi- 
tion according to claim 1 or 2, wherein the glass 
composition includes halide ions as the anions. 45 

8. The photostimulable luminescence glass composi- 
tion according to claims 1, 2 or 7, which is a halide 
glass including, as the cations which comprise the 
glass, 10 to 60 mole% of Al^, 8 to 70 mole% of so 
glass-network modifying divalent cations, 0 to 30 
mole% of glass-network modifying trivalent cations. 

0 to 20 mole% of Hf'^^ and 0 to 20 mole% of glass- 
network modifying monovalent cations, wherein the 
percentages are based on the total of all cations, ss 
and including, as anions which comprise the glass. 
0 to 20 mole% of CI", and 80 to 100 mole% of F', 
wherein the percentages are based on the total of 
all anions. 



11, TTie photostimulable luminescence glass conposi- 
tion according to claims 1 , 2, 7 or 1 0. which is a hal- 
ogen phosphate glass including, as the cations 
which comprise the glass. 20 to 40 mole% of Al^*, 
5 to 60 mole% of P^, 8 to 60 mole% of glass-net- 
work modifying divalent cations. 0 to 25 nnole% of 
glass-network modifying trivalent cations, 0 to 15 
mole% of Hf^ and 0 to 10 mole% of glass-network 
modifying monovalent cations, wherein the percent- 
ages are based on the total of all cations, and 
including, as anions which comprise the glass, 1 to 
50 mole% of O^'. 0 to 10 mole% of CI" and 40 to 99 
mole% of F', wherein the percentages are based on 
the total of all anions. 

12. The photostimulable luminescence glass composi- 
tion according to any one of claims 8 to 1 1 . wherein 
the glass-network modifying divalent cations con- 
sist of at least one of Mg^*, Ca^*. Sr^*^ and Ba^*, 
the glass-network modifying trivalent cations con- 
sist of at least one of Y^'*^ and Ln^* (wherein Ln is a 
rare earth element other than Ce). and the glass- 
network modifying monovalent cations consist of at 
least one of Li*. Na* and K*. 
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FIG.1 

PHOTOSTIMULATED LUMINESCENCE EMISSION 
SPECTRUM MEASURING SYSTEM 




He-Ne laser 



FIG. 2 

PHOTOSTIMULATED LUMINESCENCE EXCITATION 
SPECTRUM MEASURING SYSTEM 




Halogen Lamp 
+ Spectroscope 
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